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Understanding influences on children’s physical activity and how
these vary by activity and subgroup, such as age and sex of the
child, is important for informing the development of effective and
targeted interventions. Two cohort studies were conducted across
socioeconomic areas of Melbourne, Australia, between 2001 and
2008 among a combined sample of more than 2,700 children
aged 5–6 years and 10–12 years at baseline. Data were collected
via surveys, and children wore the Actigraph accelerometer for 8
days. Five individual, 10 social, and 17 physical environmental
factors were significantly associated with children’s physical activ-
ity. Patterns of association varied according to the age and sex of
the child and also according to the type of activity. These studies
provide some insights into the various levels of influence on
children’s physical activity. More longitudinal and intervention
research is needed to better understand the mechanisms of change
in children’s physical activity behaviour.
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INTRODUCTION
Lifestyle diseases in young people are a major public health issue. In the
last two decades there have been worldwide increases in the prevalence of
paediatric overweight and obesity (Wang and Lobstein 2006). Adiposity has
been found to track from childhood to young adulthood (Singh, Mulder,
Twisk, et al. 2008) and also on to adulthood with increased morbidity
during adulthood, even after weight loss (Deckelbaum and Williams 2001;
Dietz 1998). Type 2 diabetes and impaired glucose tolerance also have
increased dramatically in prevalence among children and adolescents in
recent years (American Diabetes Association 2000). A study of more than
4,000 U.S. adolescents found that 11% of teenagers who reported not having
diabetes had impaired fasting glucose levels (≥100 mg/dL; Duncan 2006). It
is estimated that almost 30% of overweight children have impaired glucose
tolerance, a precursor to type 2 diabetes (Sinha, Fisch, Teague, et al. 2002).
Furthermore, young people who are overweight are more likely to have
cardiovascular disease (CVD) risk factors, such as high cholesterol levels
and high blood pressure (Deckelbaum and Williams 2001). The Bogalusa
Heart Study of 5–17 year olds in the United States found approximately 60%
of overweight children in the study had at least one CVD risk factor and
one-quarter had two or more CVD risk factors (Freedman et al. 1999). The
Amsterdam Growth and Health study found that children who displayed
CVD risk factors such as high cholesterol and adiposity at 13–16 years were
highly likely to retain these risk factors at 21–27 years (Twisk et al. 1997).
Therefore, primary prevention during early childhood is critical for reducing
the risk of poor adult health.
Defining Children’s Physical Activity
Children’s engagement in physical activity is uniquely different from adults
in that they rarely engage in sustained bouts of physical activity, particularly
at high intensities. They more typically engage in intermittent or short bursts
of activity (Bailey, Olson, Pepper et al. 1995). The types of activity they
engage in are also unique from those of adults. Young children spend much
of their time in active play and games, and very little time is spent in
organised activities or even in active transport (e.g., walking or riding a
bicycle; Telford, Salmon, Timperio, Crawford 2005). Very little time or energy is
spent in activities such as household chores, with most activity acquired as
active play and leisure-based activities (e.g., walking their pet dog). As chil-
dren reach early adolescence, they spend more time in active transport
(Hume, Timperio, Salmon et al. 2009) and organised sports (Australian
Bureau of Statistics 2001) and less time in play (Pellegrini and Smith 1998);
however, their overall levels of activity declines through adolescence to
young adulthood (Sallis, Prochaska, and Taylor 2000).
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What Are Current Recommendations?
In the United States, the United Kingdom, and Australia, it is recommended
that children (from 5–18 years of age) spend at least 60 minutes each day in
moderate- to vigorous-intensity physical activity (MVPA) every day (Australian
Government and Department of Health and Ageing 2004; Department of
Health 2004; Strong, Malina, Blimkie, et al. 2005). In Australia, up to several
hours each day is also recommended.
How Physically Active Are Children?
With public health recommendations for many countries now available, it is
important to determine what proportion of children are meeting such
guidelines. A recent national survey of just under 4,500 children in Australia
found that 40% of children aged 9–13 years and 19% of children aged 14–16
years met the physical activity guidelines (defined as spending 60 or more
minutes in moderate- to vigorous-intensity physical activity on each of the
four days assessed; Commonwealth Scientific Industrial Research Organisation
[CSIRO] 2008). In the United Kingdom, it has been estimated that 70% of
boys and 60% of girls are meeting national physical activity recommendations
(Department of Health 2004). In contrast, the European Youth Heart Study
used accelerometers to assess physical activity among more than 2,000
9-and 15-year-old youth and found approximately 98% met the U.K.
physical activity recommendations (Riddoch, Andersen, Wedderkopp, et al.
2004). There were significant cross-sectional declines among the older
children, however, with 89% of 15-year-old boys and 62% of girls meeting
recommendations. While estimates of the proportion of children meeting
physical activity guidelines depend on the measures being used, it is
impor-tant to identify the various influences on children’s physical activity
in order to inform the development of interventions.
Why Are Some Children More Physically Active Than Others?
The living environment or perceived living environment is likely to be
reciprocally related (Bandura 1986) to children’s motivation, preferences,
and perceived barriers and may also directly influence their active or
sedentary behaviour choices and opportunities. The living environment may
include social influences such as family and friends, school teachers,
neighbours, and so on. It also may include the built and natural environ-
ments (e.g., playgrounds and public open spaces, topography, streetscapes,
physical activity and sport facilities, etc.). The living environment also may
include policies and rules that may restrict or promote physical activity. For
example, schools may have rules regarding where children can and cannot
run or play in the school grounds, or a local council may have a policy
regarding provision of bicycle paths in the local community. As suggested
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by many studies examining factors associated with children’s physical
activity (Sallis et al. 2000), most have examined the individual-level factors,
and while there is an emerging literature on the importance of the social,
physical, and policy-level environmental influences on children’s physical
activity (Ferreira, van der Horst, Wendel-Vos et al. 2006), few studies have
examined these correlates comprehensively or concurrently. Indeed, few
studies have taken into account not only the complexities of multiple levels
of influence, they have neglected the importance of context and specificity
(Ball, Timperio, Crawford 2006; Giles-Corti, Timperio, Bull, et al. 2005).
This article provides an opportunity to review and synthesise the
findings from two cohort studies performed at the Centre for Physical
Activity and Nutrition Research, Deakin University, examining influences on
physical activity among Australian children from a young age through to
adolescence. This evidence has accrued over a period of 8–9 years and
includes cross-sectional and prospective analyses of the individual, social,
and physical environmental influences on young people’s physical activity.
As defined in the Introduction to this article, physical activity consists of a
broad range of behaviours that may have different influences; that is, they
may be context dependent. For instance, factors that influence children’s
physical activity after school hours may be quite different from those factors
that influence children’s active transport or indeed their overall levels of
physical activity when objectively assessed using accelerometers. In
addition, these factors may vary by age and sex of the child. Therefore, the
aim of this article was to provide an overview of the various influences on
children’s physical activity from these studies and to determine whether
these influences differed according to type of physical activity and also
according to children’s age and sex.
METHODS
The Children’s Leisure Activities Study (CLASS) was conducted in 2001
(Bagley, Salmon, Crawford 2006; Hesketh, Crawford, Salmon 2006; Salmon,
Timperio, Telford, et al. 2005; Telford et al. 2005; Timperio, Crawford,
Telford, et al. 2004) and included data from a cohort of approximately 1,200
children aged 5–6 years (primary or elementary school entry age in Australia)
and 10–12 years (final 2 years of primary school) from across socioeco-
nomic areas of Melbourne, Australia. The primary focus of that study was to
examine the family influences on children’s physical activity and sedentary
behavior. In 2004 and 2006, children from CLASS were followed up, and
neighbourhood-level influences were incorporated and the study became
Children Living in Active Neighbourhoods (CLAN; Hume et al. 2009;
Timperio, Ball, Salmon, et al. 2006). Audits of 1,469 Public Open Spaces
were undertaken (Timperio, Giles-Corti, Crawford, et al. 2008).
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The Health, Eating and Play Study (HEAPS) was conducted in 2002–2003
(Hesketh, Crawford, Salmon 2006; Jackson, Crawford, Campbell, et al. 2008)
and included the same two age cohorts as CLASS with approximately 1,560
children. The focus of HEAPS was on examining the family influences on
children’s eating, physical activity, and sedentary behavior. These children
were followed up in 2006 and 2008 and, as for CLAN, neighbourhood-level
influences were incorporated into the study during these follow-up phases.
Ethics approval was received for both studies from the Deakin University
Human Research Ethics Committee and from the Department of Education
and Training, Victoria, Australia. Out of the nine papers included in this
review, only those variables that were significantly associated with some
form of children’s physical activity are included in the present article. There
were many more variables that were included in these studies but showed
null associations with physical activity. Whilst these variables are as important
to acknowledge as those that were related, it was considered more pertinent
to focus on the significant relations and examine patterns of association.
Common measures across these two studies are briefly described.
Measures of Correlates of Physical Activity
A questionnaire was completed by a parent/carer/guardian (referred to
herein as “parent”). Among the older cohort in CLASS/CLAN, children also
completed a questionnaire. The questionnaires for both studies were
based on the social ecological model (Stokols 1996) that included items to
assess individual-level influences (e.g., enjoyment, child’s sex and age),
social influences (e.g., having siblings, having few children living nearby),
and physical environmental influences (e.g., access to parks and public
open spaces, access to lights and pedestrian crossings, topography). An
audit of public open spaces was developed and included the following:
sum of recreational facilities (e.g., number of full courts, ovals, sports
catered for, athletics tracks, other track and field facilities, skate boarding
facility, BMX tracks, “Part” courts [e.g., tennis walls], outdoor swimming
pool, indoor swimming pool) and sum of availability of amenities (e.g.,
presence of rubbish bins, barbecue facilities, picnic tables, other seating,
drinking fountains, public toilets, kiosk/café, shade or sheltered areas
[manmade], number of playgrounds, club rooms for sporting clubs,
walking paths, cycling paths, lighting along paths, trees that provide
shade, water feature [e.g., river, creek], signage regarding dogs, signage
restricting other activities).
Geographic Information Systems (GIS) data on the neighbourhood
environment were collected in both studies. Environmental aspects that
were measured using this technology included mapping the school route,
having a busy road barrier on the route to school, the school route being
along a busy road, having a direct route to school, having a steep road
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barrier (i.e., hilly terrain) on the route to school, the number of recreational
facilities, the number of playgrounds, amenities at public open spaces,
walking paths in public open spaces, cycling paths in public open spaces,
lighting along paths in public open spaces, presence of trees providing
shade in public open spaces, presence of a water feature in public open
spaces, signage regarding dogs in public open spaces, signage restricting
other activities in public open spaces.
Physical Activity Outcomes
Both studies collected objective data on children’s physical activity. Each
child wore a Manufacturing and Technology, Inc. (MTI, Actigraph Model
AM7164-2.2C) accelerometer for an 8-day period. Data from the first and
last day of testing were discarded, and only those children with com-
plete data for a minimum of 4 days, including at least one weekend day
(defined as a “valid day”), were included in analyses (Janz, Witt,
Mahoney 1995). Data were screened to identify and remove invalid
counts (i.e., days where daily movement counts were less than 10,000 or
exceeded 20 million). Accelerometer data were converted to minutes in
MVPA per day by applying an age-specific movement count threshold to
the data (Trost, Pate, Sallis et al. 2002). Average minutes in MVPA per
day for valid days were calculated and accelerometer data were
extracted for weekend days and weekdays separately as well as for the
after-school period.
Children’s participation in specific types of physical activities was
assessed by questionnaire, which has been shown to have acceptable
reliability (Telford, Salmon, Jolley et al. 2004). Parents reported the
frequency with which children walked or rode a bicycle in their local
neighbourhood (Timperio et al. 2004). Older children self-reported their
total frequency of walking (for exercise, for transport, walking the dog;
Salmon, Timperio, Chu et al. in press). Parents also reported the frequency
that their child usually walked or rode a bicycle to/from school; these items
were combined to create a frequency of active commuting to/from school
variable (Hume et al. 2009; Timperio et al. 2006).
RESULTS
As shown in Figure 1, five individual-level variables, 10 social-level factors,
and 17 physical environmental factors were significantly associated with
children’s physical activity. The patterns of association varied according to
the age and sex of the child (e.g., rules prohibiting TV viewing; Salmon et al.
2005) and also according to type of activity (e.g., presence of public open
spaces/playgrounds; Timperio et al. 2004, 2008). Some constructs, however,
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were consistently associated regardless of age of the child (e.g., no lights or
crossings nearby; Hume et al. 2009; Timperio et al. 2004, 2006). This is the
only variable that was associated both cross sectionally and longitudinally
with physical activity among children.
The inconsistent findings across age and sex groups in these two
studies may reflect differences in availability of children’s free time, lifestyle,
and interests (Timperio et al. 2008). For example, from the CLAN study the
examination of associations between public open spaces and children’s
MVPA after-school hours and on weekends and weekdays found that the
number of formal recreation options was inversely associated with MVPA
among young girls. It may be that girls in this age group prefer less formal
play options, and the types of recreational opportunities offered in their
neighbourhood may be more suitable to older children or adults. Further, in
that study it was found that the presence of lighting was inversely
associated with MVPA among younger boys, which may reflect the types of
FIGURE 1 Summary of significant socioecological variables from the CLASS/CLAN and
HEAPS studies. 
Type of physical activity assessed: 1walk/cycle 3+ times/wk; 2total walking; 3active commuting;
4weekend MVPA; 5after school MVPA; 6MVPA.
Note: y = younger children; o = older children; b = boys; g = girls; L = longitudinal; POS =
public open space; MVPA = moderate- to vigorous-intensity physical activity.
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public open spaces that require lighting (e.g., areas with safety issues or
venues used by public at night and therefore less suitable for younger age
groups).
Thirteen out of the 16 physical environment variables were significantly
associated with children’s active commuting or walking/cycling in the
neighbourhood (Hume et al. 2009; Timperio et al. 2004, 2006). This
suggests that the context of the behaviour may be an important consider-
ation in research that incorporates these multiple levels of influence. On the
other hand, more of the social environmental variables were associated with
children’s objectively assessed MVPA (Bagley et al. 2006; Hesketh et al. 2006;
Jackson et al. 2008; Salmon et al. 2005).
The only longitudinal analysis of physical activity to be published from
these studies to date examined associations between multiple levels of
influence on change in children’s active commuting to school (Hume et al.
2009). An interesting finding from that study was that children’s active
commuting increased over time. While MVPA generally is found to dec line
over time (Sallis et al. 2000), we found that active commuting actually
increased with age. This may be attributable to children’s age-related
increases in independence and autonomy and illustrates the importance of
targeting the development of intervention studies to promote active
commuting among young adolescents. That study also found that social
factors were important among younger children (e.g., parents knowing
many people in their neighbourhood); however, physical environment
factors seemed more important among the older age groups (e.g., no lights
or crossing in local area and being satisfied with the lights/crossing
available). Among the younger children it may be that parents will allow the
child to actively commute for the school journey only if accompanied,
rendering physical environmental factors less important than the social
environment for that age group.
Some of the physical environmental variables were consistently
associated with children’s physical activity irrespective of whether a subjective
or objective measure was used. For example, perceived lack of access to
parks among older girls was associated with walking or cycling less
frequently in their local neighbourhood (Timperio et al. 2004), and objective
assessments of availability of public open spaces found that younger boys
with better access had higher levels of weekend MVPA (Timperio et al. 2008).
This is consistent with a study of adolescent girls in the United States that
found that those who have more parks near where they live spent more time
in MVPA minutes (assessed using accelerometry) outside of school hours
compared with those who have fewer parks (Cohen, Ashwood, Scott, et al.
2006). This was particularly so for girls who lived near parks with amenities
conducive to physical activity. It is important that urban planning and renew-
able neighbourhood initiatives consider incorporating appropriate facilities in
public open spaces to promote use across age groups and genders.
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Implications for Research
We have few insights into the relative importance of individual-level, social,
and physical environmental factors, particularly from longitudinal studies.
More longitudinal and intervention research is needed to better understand
the mechanisms of change in children’s physical activity behaviour. While
the use of different types of measures of the environment is important to
capture (e.g., perceived versus actual), the ability to detect associations may
be limited by the homogeneity of the neighbourhood environment. For
example, most children in the CLAN study had a public open space within
800 meters of their home (Timperio et al. 2008). Therefore, studies that take
advantage of the heterogeneity of the neighbourhood environment between
countries are needed. Matching the various levels of influence to the behav-
ioural measure of interest (i.e., specificity) is obviously important, and
future studies should aim to tailor their measures appropriately. Finally,
given the different patterns of association identified in these two cohort
studies, developing interventions using a one-size-fits-all approach for
younger and older boys and girls will be unlikely to be as effective as
tailoring the intervention to suit the target group of interest.
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